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Abstract 
In Thailand, Tarad Thai is one of the biggest and significant agricultural markets. Therefore, the problems from fresh waste 
disposals in this area are recognized as one of environmental significant concerns. In order to manage this problem, the 
conversion of those possible agricultural waste disposals to biochar soil amendments is studied. In this work, some parts of 
agricultural fruits waste are durian peel, mangosteen rind, corncob and banana peel. In addition, waste from fresh shrimp, shrimp 
shell, is also studied. Those previous waste materials are processed by viapyrolysis method to form biochar. The studies of 
chemical compositions, such as major and some minor nutrition, are analyzed using the Kjeldahl technique, UV-Visible 
spectrophotometer and Inductively Coupled Plasma (ICP) spectrometer. The heat of combustion and some chemical properties 
are also studied. The biochar derived from corncob, per gram, dominates the highest value of the heat of combustion (75.151 
Kcal). In addition, the study of biocharuses as soil amendments is studied via the growth of swamp morning glory. By comparing 
the data from typical soil and biochar soil amendments by t-test, it is found that the growing length and number of leafs shows 
tcal>tcrt which means that, for example, the use of the biochar soil amendments from agricultural market waste and shrimp shell as 
materials to grow the swamp morning glory displays the significance by comparing to typical soil. 
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1. Introduction 
The global warming study has made much attention in the past few decades since the research and development 
community of environmental societies started creating platforms for exchanges. Agricultural waste was one of the 
most affected on environmental management, therefore the conversion of this material to soil improvement material 
(biochar) was chosen as a solution to reduce the global warming and better environmental management. The 
physical and chemical properties of biochar were highly varied from both choices of feedstock and process 
conditions. The conversion of biomass to long-lived soil carbon species results in a long period carbon sink, as the 
biomass removes atmospheric carbon dioxide through photosynthesis. Biochars ranges in complexity from graphite-
like carbon to high molecular weight aromatic rings. It has been reported that, unlike fossil fuels, biochar can release 
energy with virtually no sulphur or mercury with both very tiny of nitrogen and ash waste [1]. Lehmann reported 
that the biochar was produced from farm wood wastes exhibited to be one of the most promising methods of 
achieving greater levels of certainty and flexibility for integrating carbon sequestration accounting and renewable 
energy generation into conventional agricultural productions [2]. The preparation of biochar via pyrolysis can be 
divided into three steps. First, moisture and some volatile materials are removed by heat. Second, unreacted residues 
are transformed to volatiles, gasses and biochar. Third, the slow chemical rearrangement of the biochar is performed 
[3-5]. 
This work was a part of the research entitled “Biochar derived from Waste Disposal Materials and Water 
Weeds”.Hence, the aims of this research paper were to focus on the transformation of the local agricultural wastes 
such as durian peel,banana peel, corncob, mangosteen rind and shrimp shell from one of the biggest agricultural 
markets in Thailand, Tarad Thai. In addition, the chemical compositions of each biochar were examined by using the 
Kjeldahl technique, UV-Visible spectrophotometry and Inductively Coupled Plasma (ICP) spectrometry.  
 
2. 2. Experimental Section 
2.1.  Determination of Volatile Materials and Water Contents Structure 
Two hundred grams of agricultural waste disposal materials were accurately weighed and transferred into an 
aluminum tray. An oven was preheated to 105 oC. The tray with materials was placed into the oven and left for 72 
hours. The dried sample was kept at room temperature under the well-sealed desiccator. Other waste materials were 
weighed and the dried method was repeated. Finally, the percentage of volatile materials and water contents form 
five waste disposal materials was calculated.  
2.2. Pyrolysis of Agricultural Waste 
The waste material was added into a cylinder metal furnace type (Fig. 1) and then the furnace was well sealed and 
burnt under the no oxygen condition. The produced biogas from the pyrolysis process was also used as renewable 
energy to achieved biochar (Figure 2). The prepared biochar was kept at room temperature under the well-sealed 
desiccator. The percentage of produced biochar was examined. 
 
 
 
 
 
 
 
 
 
Fig. 1.Pyrolysis Cylinder Chamber 
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2.3. Heat of Combustion Determination  
The biochar material was accurately weighed into the pan of Bomb Calorimeter. The samples were reweighed 
and the experiments were repeated for five times. 
2.4. Determination of Nitrogen using Kjeldahl’s Technique 
The sample of biochar was grinded into fine powder and 0.5000 g of the biochar was weighed into the 250 mL 
digested tube with 5 g of mixed selenium and 15 mL of conc. Sulphuric acid. The sample in the tube was attached 
into the digestion system. The pale green solution appeared. The solution was cooled into room temperature. The 
cool solution was then added with 3% boric acid 25 mL. Few drops of indicator were transferred into the 250 mL 
flask. The solution tube was attached to the distilling unit in auto mode for three minutes.The operation system 
would be stopped when the pale pink solution was observed.The aqueous solution of 0.1 N sulphuric acid was 
titrated until the pale gray or pale green or light green end point was formed. Five times of the replicated 
experiments were prepared.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.Biochars from argicutural wastes (a) durian peel (b) banana peel (c) corncob (d) mangosteen rind (e)shrimp shell 
  
(a) (b) 
(c) (d) 
(e) 
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2.5. Determination of Phosphorus Content using UV-Visible spectrophotometry 
The 0.5 grams of biochar were transferred into a beaker and 10 mL of water, 10 mL of concentrated H2SO4 and 
10 mL of concentrated HNO3 were added. The mixture was mixed and heated until the solid disappeared. Then, the 
solution was cooled to room temperature. The dilution of the sample mixture was prepared. 10 mL of the sample 
solution and 10 mL of the mixture of ammonium molybdate and ammonium metavanadate were added and mixed. 
The solution was left for 30 minutes. The solution was measured with UV-Visible spectrophotometry.Five times of 
this experiments were replicated. 
2.6. Determination of Calcium and Magnesium Contents using ICP Spectrometry 
The clean grinded biochar was weighed accurately to porcelain. 10 mL of the distilled water and 10 mL of 
concentrated HNO3 were added. In addition, 5 mL hydrofluoric acid was also transferred to the porcelain. The 
porcelain was heated and stirred carefully. The solution was cooled to room temperature. The dilutions were made 
and analysed via ICP with the calibration of calcium and magnesium. Five times of the replicated experiments were 
done.  
2.7. Modification of Biochar as Soil Amendment for Morning Glory 
The use of biochar as soil amendment was applied. In this paper, the primary results were revealed by the 
modification of biochar as soil amendment material to study the growth of morning glory. Five morning glory 
samples in each condition were used. The number of leaves and the length of morning glory were monitored for a 
month. 
3. Results and Discussion 
Five agricultural waste materials, banana peel, mangosteen rind, durian peel, corncob and shrimp shell from 
Tarad Thai were characterized and repeated for five times to determine the volatile materials and water contents 
(Table 1).  
Table 1 exhibits that the volatile materials and water contents from durian peel were the highest amount (82.03%) 
with 0.558 of SD. Moreover, the volatile materials and water contents from corncob were the least (10.57%) with 
0.082 of SD. The percentage of the volatile materials and water contents from Banana peel, Shrimp shell and 
Mangosteen rind were 29.55%, 11.95% and 11.41%, respectively. The data would be related to the energy consumed 
prior to convert to biochar (Table 2). Banana peel was generated the highest amount of biochar productions whilst 
thecorncob was produced the highest amount of other bio-products (which were bio-gas and bio-oil). 
Table 1Volatile Material and Water Contents of Each Material 
Materials % volatile materials and water contents  SD. 
Durian Peel 36.07 0.558 
Banana Peel 29.55 0.893 
Mangosteen Rind 
Corncob 
Shrimp Shell 
11.41 
10.57 
11.95 
0.196 
0.082 
0.610 
Table 2 Percentage of produced biochar and other bio-products 
Materials % biochar production (SD) % other bio-products 
Durian Peel 43.55 (2.44) 20.38 
Banana Peel 51.42 (2.75) 19.03 
Mangosteen Rind 
Corncob 
Shrimp Shell 
49.33 (2.89)  
37.78 (1.32)  
48.77 (1.11) 
39.26 
51.65 
39.28 
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From Table 3, the results displayed that biochar from corncob gave the highest energy of the heat of combustion 
(313.680 kcal) and then followed by durian peel, mangosteen rind, shrimp shell and banana peel respectively. 
The determination of Nitrogen content was shown in Table 4. The nitrogen content from shrimp shell biochar was 
shown the highest with the percentage of 4.678 % and followed by durian peel (1.458%) whilst mangoteen rind 
biochar was given the least amount of percentage of nitrogen content (0.540 %) From Table 4, it was found that the 
nitrogen content of shrimp shell biochar was the highest amount with 4.768%. The nitrogen content of shrimp shell 
biochar was from its structure which was related to chitosan structure. Moreover, the nitrogen contents of the 
biochars from durian peel, corncob and banana peel were 1.458, 1.338 and 1.246 ppm, respectively. On the other 
hand, the nitrogen content derived from the mangosteen rind biochar was the least with only 0.540%. All 
experiments results were deviated values with the SD. below 0.2. 
The contents of phosphorus were determined via UV-Visible spectrophotometry and the results were shown in 
Table 5. The highest phosphorus content was found in banana peel biochar which was 6.6338 ppm. Whereas the 
phosphorus contents of the biochars from shrimp shell, corncob and durian peel were 5.845, 1.741 and 0.982 ppm, 
respectively. Moreover, Mangosteen rind biochar was found the least phosphorus content only 0.564 ppm.  
Table 3Heat of Combustion per a gram of Biochar 
Biochars Average energy SD 
Durian Peel 48.666 kcal  
(203.619 kJ) 
22.79 
Banana Peel 24.422 kcal  
(102.182 kJ) 
1.57 
Mangosteen Rind 
 
Corncob 
 
Shrimp Shell 
 
37.583 kcal 
(157.247 kJ) 
75.151 kcal  
(313.680 kJ) 
37.238kcal 
(155.431 kJ)  
2.36 
 
3.35 
 
1.21 
 
Table 4 Nitrogen contents obtained via Kjeldahl technique 
Types of Biochar % N (average) SD. 
Durian Peel 1.458 0.01 
Banana Peel 1.246 0.01 
Mangosteen Rind 
Corncob 
Shrimp Shell 
0.540  
1.338   
4.768 
0.01 
0.01 
0.02 
Table 5 Phosphorus contents in ppm unit obtained via UV-Visible Spectrophotometry 
Types of Biochar    P SD. 
Durian Peel 0.982 0.01 
Banana Peel 6.634 0.05 
Mangosteen Rind 
Corncob 
Shrimp Shell 
0.564 
1.741 
5.845 
0.01 
0.02 
0.08 
Table 6 Calcium and Magnesium contents in ppm unit obtained via ICP Spectrometry 
Types of Biochar Ca (SD.) Mg (SD.) 
Durian Peel  1.458 (0.03) 99.179 (0.05) 
Banana Peel  1.246 (0.01) 21.540 (0.02) 
Mangosteen Rind  
Corncob 
Shrimp Shell  
0.540 (0.01) 
1.338 (0.01) 
4.768 (0.02) 
2.572 (0.01) 
87.630 (0.03) 
36.624 (0.01) 
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The lowest amount of both Ca (0.540 ppm) and Mg (2.572 ppm) was found in mangosteen rind compared to other 
types of biochar (Table 6). Moreover, the highest content of Ca (4.768 ppm) was investigated in shrimp shell biochar, 
whilst the highest content of Mg (99.179 ppm) was received from durian peel biochar. In addition, with the SD in the 
range of 0.01 to 0.03, the calcium contents from durian peel, corncob and banana peel biochars were 1.458, 1.338 
and 1.246 ppm, respectively. Whereas, with the SD in the range of 0.01 to 0.05, the magnesium contents from 
corncob, shrimp shell and banana peel were 87.630, 36.624 and 21.540 ppm, respectively.  
The results as shown in Table 7, the first week for planting, showed that the normal soil without soil amendment 
material with morning glory had 2 leaves with 4.646 centimeter, whereas the use of soil amendment materials mixed 
normal soil was studied. For durian peel biochar with soil in the ratio of 3:4, the results showed that the growth of 
morning glory had 2 leaves with 5.033 centimeter.  
In the last week, the results are shown in Table 8. The normal soil without soil amendment material with morning 
glory had 14 leaves with 25.64 centimeter. While the use of soil amendment materials mixed normal soil was also 
studied. In addition, durian peel biochar with soil in the ratio of 3:4, the results showed that the growth morning 
glory had 17 leaves with 29.12 centimeter.  
 
Table 7 The growth rate of morning glory focusing on length and number of leaves (first week) 
Materials Stem length (cm) Number of leave (leave) 
Normal soil 4.467  2 
Durian Peel Biochar :Soil    
1: 6 4.633 2 
2: 5 4.700 2 
3: 4 5.033 2 
Banana Peel Biochar : Soil   
1 : 6 4.433 2 
2: 5 4.500 2 
3: 4 4.667 2 
MangosteenBiochar : Soil    
1 : 6 4.400 2 
2: 5 4.567 2 
3: 4 4.633 2 
CorncobBiochar : Soil   
1: 6 4.600 2 
2: 5 4.633 2 
3: 4 4.967 2 
 
The comparison between normal soil without soil amendment material and soil with soil amendment material in 
the fourth week, in the length term, from Statistics it is found that tcalwas 7.03 which was from 13 plastic plant trays. 
After comparing, it was found that tcrt = 2.20 and that tcal>tcrt. It can be summarized that the soil with soil 
amendment material can significantly give the length of morning glory comparing to the soil without soil 
amendment material.  
Comparing with the number of leafs, it was found that the tcalwas 9.00 which was from 13 plastic plant trays. In 
addition, comparing to tcrt = 2.20, from statistical table, it was found that the soil with soil amendment material can 
significantly give the number of leafs of morning glory comparing to the soil without soil amendment material.  
In the case of the study of the difference of morning glory containing the highest nutrient, from durian peel 
biochar, and the lowest nutrient, from mongosteen rind, it was found that in the fourth week the length of morning 
glory, tcal = 0.24 (from 3 crops) and tcrt = 4.30. The results revealed that tcal<tcrt. It is confirmed that there is no 
significant among the different types of biochar. This is also confirmed by the number of leafs between enrich 
nutrient biochar and the least nutrient biochar which also showed similar trend. It was found that tcal = 2.84 and tcrt 
= 4.30. This can be summarized that tcal<tcrt meaning that no significance among the different types of biochar as 
well.  
In addition, the use of this knowledge was modified and joined as a part of the national project named “The 
Power of Human Energy : A Journey Inspired by the King”. This national project was a part of the uses of king’s 
knowledge and to follow in the royal footsteps of his majesty the king. 
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Table 8The growth rate of morning glory focusing on length and number of leaves (forth week) 
Materials Stem length (cm) Number of leave (leave) 
Normal soil 25.64  14 
Durian Peel Biochar :Soil   
1: 6 26.78 15 
2: 5 27.20 16 
3: 4 29.12 18 
Banana Peel Biochar : Soil   
1: 6 26.44 15 
2: 5 27.48 16 
3: 4 27.34 17 
MangosteenBiochar : Soil    
1 : 6 26.31 16 
2: 5 26.77 16 
3: 4 27.22 17 
CorncobBiochar : Soil   
1: 6 26.55 16 
2: 5 27.03 16 
3: 4 27.66 17 
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